Short hairpin RNA induces methylation of hepatitis B virus covalently closed circular DNA in human hepatoma cells.
Small interfering RNAs not only modulate gene expression at a post-transcriptional level, but also induce transcriptional gene silencing by RNA interference-mediated heterochromatin formation and RNA-directed DNA methylation (RdDM). However, although established in plants, there have been controversies whether RdDM operates in mammals. Hepatitis B virus (HBV) covalently closed circular DNA (cccDNA) serves as a template for viral RNA transcription, and transcriptional activity of HBV cccDNA is regulated by methylation in patients with chronic HBV infection. In this study, we stably expressed short hairpin RNA (shRNA) against HBV in human hepatoma cells to determine whether shRNA induces methylation of HBV cccDNA. HepAD38 cells which permit replication of HBV under control of tetracycline-responsive promoter were transduced with lentiviral vectors which encode sh-1580, a shRNA against the hepatitis B viral protein HBx. Bisulfite sequencing PCR analysis revealed that sh-1580 induced CpG methylations at a higher rate compared to control (31.3% vs. 12.8%, p<0.05). The sh-1580-induced CpG methylation was localized near the target sequence of sh-1580 in more than a half of the clones. Methylation-induced transcriptional suppression was confirmed by in vitro transcription assay. These results confirm the feasibility of RdDM of HBV cccDNA in human cells. Lentiviral vector-mediated transfer of shRNA may be used as a tool for novel transcriptional modulation by epigenetic modification of HBV cccDNA.